Car Drivers’ Familiarity with the Parking Situation Around Regional Shopping Centres  by van der Waerden, Peter & Timmermans, Harry
 Procedia - Social and Behavioral Sciences  111 ( 2014 )  292 – 300 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Scientific Committee
doi: 10.1016/j.sbspro.2014.01.062 
ScienceDirect
EWGT2013 – 16th Meeting of the EURO Working Group on Transportation 
Car drivers’ familiarity with the parking situation around regional 
shopping centres 
Peter van der Waerdena,*, Harry Timmermansa 
aUrban Planning group, Eindhoven University of Technology, PO Box 513, 5600 MB Eindhoven, The Netherlands 
Abstract 
This paper describes a study of car drivers’ familiarity with the parking situation in the vicinity of a regional shopping centre. 
The data used for this study is collected in Veghel, a small city in The Netherlands. The main shopping area of Veghel is 
surrounded by 13 parking facilities. Residents are asked to indicate if they are familiar with each parking facility. This 
familiarity is related to various attributes of the resident, the trips they make to the shopping centre and the parking facilities 
using binary logistic regression analysis. The model analysis show that the probability of being familiar with a parking facility 
depends on various attributes of the car driver (gender, age, education, and home location), shopping trip (visit frequency and 
travel mode), and parking facility (chance of free parking space, parking costs, available driving space, walking distance to 
supermarket). 
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1. Introduction 
Increasing congestion and limitation of space availability in central shopping and business areas forces 
municipalities to (re)develop transportation plans. The primary aim of these plans is to optimize the use of the 
urban street network for both motorized and non-motorized traffic. Planners have a variety of measures at their 
disposal to achieve their goals ranging from car related measures (one way traffic) and public transport related 
measures (priority at traffic lights) to bike related measures (new bike lanes). A specific group of car related 
measures concerns parking measures. Examples of parking measures are limitation of the number of spaces 
available and introduction of paid parking. The measure can be implemented to influence car flows in the CBD 
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both in direction (where do cars drive) and in size (where are cars parked). The success of planning measures is 
strongly related to the familiarity of the traveller with the characteristics of the elements of the transportation 
system. 
When a traveller wants to travel he or she has to make different travel related choices to accomplish the trip 
such as choice of departure time, travel mode, route, and parking location. To make a deliberate choice, the 
traveller has to be familiar with the attributes of the available choice alternatives. In the context of travel 
decisions there is little known concerning travellers’ familiarity with the attributes of choice alternatives. This 
also holds for car drivers’ familiarity with the attributes of parking facilities in CBD (e.g., Polak & Axhausen, 
1990). For example, Van der Waerden & Borgers (1995) found that car drivers only know a limited number of 
parking alternatives when visiting a shopping area (see Figure 1). It also appears that car drivers are not familiar 
with existing parking problems in general (e.g., Ten Heuvelhof, 1990; Stienstra, 1999) and with the levels of 
different parking attributes in particular (e.g., Van der Waerden et al., 2011). 
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Fig. 1. Car drivers’ familiarity with parking facilities, N=438 (van der Waerden & Borgers, 1995) 
The aim of the study described in this paper is to contribute to insights into car drivers’ familiarity with the 
parking facilities in the context of shopping trips. The paper focuses on the relationship between attributes of 
parking facilities and car drivers’ familiarity with these facilities. The remainder of the paper is organized as 
follows. First attention is paid to the issue of familiarity. Next, the adopted research approach is presented. This 
part is followed by a description of the data collection and the research sample. Next, the analyses are described 
including an overview of the results. The paper ends with the conclusions. 
2. Familiarity 
A special point of interest related to (parking) choice behaviour concerns the set of available choice 
alternatives. In general, the individual choice set refers to the set of discrete alternatives considered by an 
individual in the decision process (Figure 2). Mostly, the individual choice set is a subset of the universal choice 
set that consists of all alternatives available to the decision maker (e.g., Bovy & Stern, 1990; Pagliara & 
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Timmermans, 2009). In practice the formation of choice sets is done by using heuristics or deterministic choice 
set generation rules, using observed choice set information, or using random choice sets (e.g., Ortúzar & 
Willumsen, 2001). Over the years, researchers have developed various so-called deterministic and probabilistic 
choice set formation rules. Examples of deterministic rules are ‘leaving out all illegal alternatives’, ‘exclude all 
alternatives outside the 500 meter range’, and ‘include only observed alternatives’. 
 
Existing alternatives
Considered alternatives
Available alternatives
Known alternatives
 
Fig. 2. Hierarchical series of choice sets of a given choice situation (Bovy & Stern, 1990) 
Also in the context of modelling parking choice, the choice set is important. The choice of a parking facility 
will be influenced by a person’s familiarity with the existing parking facilities. Individuals are not necessarily 
familiar with all parking facilities available in a particular area and a motorist often makes an explicit utility 
comparison or cost-benefit trade-off before making a choice (e.g., Mehta, et al., 2003). The recent developments 
regarding the contents and distribution of parking information will also change car drivers’ familiarity with 
parking facilities. 
Little attention has been paid to the size and composition of choice sets for parking choice behaviour. Most 
researchers have either assumed that choice sets contain all available parking facilities at a shopping centre (e.g., 
May, et al., 1989) or only the parking facilities individuals are familiar with (e.g., Van der Waerden & Borgers, 
1995; Matsumoto & Rojas, 1998; Rye et al., 2008). Only a few empirical studies of choice set composition in the 
context of parking have been published. In a study of car drivers’ familiarity with the parking situation in a 
regional shopping centre, Van der Waerden & Borgers (1995) found that most car drivers are familiar with 2 or 3 
parking lots. Only 15 percent of the car drivers were familiar with all 8 available parking lots (Figure 1). Rye et 
al. (2008) investigated respondents’ familiarity with the parking situation in the city centre of Edinburgh. They 
found that 33 percent of the respondents did not know any parking facility, 48 percent indicated that they knew 1 
to 8 parking facilities, while only 3 percent knew all 19 available parking facilities in the city centre. Rye et al. 
(2008) indicated that this lack of knowledge is likely to put pressure on the well-known parking locations. 
3. Research approach 
To get more insight into car drivers’ familiarity the following research approach has been adopted. First, a 
questionnaire was composed to collect the familiarity data. Respondents were invited to indicate if they were 
familiar (yes or no) with a parking facility in the vicinity of a shopping area. In addition some personal and trip 
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related attributes were collected. Next, a set of parking attributes was defined to describe the various parking 
facilities.  
Based on findings in previous studies and local circumstances the parking facilities were specified using the 
following set of attributes: size of the parking facility (number of spaces); chance of finding a free parking space; 
parking costs per hour (in Euros); maximum allowed parking duration; average time needed to leave the parking 
facility (egress time); availability of driving space in the parking facility; type of parking facility; type of 
security; the location of the parking facility vis-à-vis the individuals’ residence; location of the parking facility 
vis-à-vis other parking facilities; and the distance to the closest supermarket or department store. Each 
characteristic was defined at three levels (Table 1). The definition of the different attribute levels fits in the 
tradition of previous studies. Some levels were described in a very precise manner (minutes, meters, etc.), while 
other attributes were described more crudely. 
The availability of driving space refers to the space surrounding parking spaces that can be used to manoeuvre 
the car into the parking spaces. For type of parking only two levels are specified: parking lot and parking garage. 
The residential location of the car driver was defined as follows: if the parking is located between residence and 
shopping centre, the level is ‘Favourable’. If the parking is located behind the shopping centre, the level is 
‘Unfavourable’ and if the parking facility is located at the same distance and in the same direction from home as 
the shopping centre, the level is ‘Neutral’. 
Table 1. Parking attributes and attributes levels 
Attributes Levels 
Size of the parking facility 
Chance of finding a free parking space 
Parking costs per hour 
Maximum parking duration 
Average egress time 
Driving space in the parking facility 
Type of parking facility 
Type of security 
Location in relation to residence 
Location in relation to other parking facilities 
Distance to supermarket/department store1 
50 spaces 
25 % 
free 
unlimited 
0 minutes 
limited 
parking lot 
none 
favourable 
close 
50 meters 
250 spaces 
50 % 
0.50 Euro 
max 3 hours 
2 minutes 
average 
- 
video 
neutral 
neutral 
150 meters 
450 spaces 
75 % 
1.00 Euro 
max 1 hour 
4 minutes 
spacious 
parking garage 
guards 
unfavourable 
at distance 
250 meters 
1dependent on type of purchases: weekly (supermarket) and non-weekly (department stores) goods 
 
4. Case Veghel 
The town of Veghel is located in the South of the Netherlands and resides approximately 40,000 residents. 
The available shopping facilities are concentrated in one major shopping centre and two sub-centres respectively 
Veghel Centre, Boekt, and Bunders. In the vicinity of Veghel Centre, 13 official parking facilities are available 
for car drivers (Figure 3). The shops are scattered in the streets marked with ‘Ŷ’.  
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Fig. 3. Parking facilities in shopping centre ‘Veghel Centre’ 
The parking facilities in the vicinity of Veghel Centre are described using the previous defined attribute levels 
(Table 2). Unfortunately, in Veghel there is no variation in the parking attributes maximum parking duration, 
parking type, and type of security. These attributes are excluded from further analyses. 
Table 2. Description of the parking facilities, Veghel Centre 
 
Attributes 
Parking facilities 
1 2 3 4 5 6 7 
Size of parking facility 
Chance of free space 
Parking costs 
Average egress time 
Driving space 
Location home* 
Location other parking 
Walking distance 
50 
50% 
Free 
4 
Aver 
- 
Far 
250 
50 
25% 
Free 
4 
Aver 
- 
Far 
250 
250 
75% 
Free 
4 
Aver 
- 
Neutral 
50 
50 
25% 
Free 
2 
Aver 
- 
Neutral 
150 
250 
50% 
Free 
4 
Aver 
- 
Close 
150 
50 
50% 
Free 
4 
Limit 
- 
Far 
150 
50 
75% 
Free 
4 
Limit 
- 
Far 
250 
Parking facilities 8 9 10 11 12 13  
Size of parking facility 
Chance of free space 
Parking costs 
Average egress time 
Driving space 
Location home*
 
Location other parking 
Walking distance 
50 
75% 
0.50 
0 
Aver 
- 
Close 
150 
50 
75% 
0.50 
0 
Aver 
- 
Close 
150 
50 
50% 
0.50 
2 
Limit 
- 
Far 
50 
50 
50% 
0.50 
2 
Aver 
- 
Close 
150 
250 
75% 
Free 
4 
Limit 
- 
Neutral 
50 
250 
50% 
Free 
4 
Spaci 
- 
Neutral 
150 
 
*
 depends on the home location of the respondent 
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5. Data 
The data for this study were collected in 2002 using a home sent questionnaire. The questionnaire consisted of 
several questions concerning weekly shopping trips, the parking familiarity and consideration set, travel and 
parking behaviour, and personal attributes. In total 2000, questionnaires were randomly distributed across Veghel 
and surrounding villages Mariaheide, Eerde, Zijtaart, and Erp. Approximately 20 percent of the households 
returned the questionnaire, resulting in 420 completed questionnaires, including information of the residents’ 
home location. The details of the respondents are presented in Table 3. It appears that the respondents are well 
distributed across the characteristic levels with a small overrepresentation of women. 
 
Table 3. Personal and trip attributes of respondents 
Attributes Levels Frequency Percentage 
Gender 
 
Age 
 
 
Educational level 
 
 
Home location 
 
Male 
Female 
Younger or equal to 40 years 
Between 40 and 55 years 
55 years and older 
High 
Medium 
Low (including ‘other’) 
Veghel 
Surrounding villages 
136 
284 
127 
163 
130 
124 
168 
131 
212 
208 
32.4 
67.6 
30.2 
38.8 
31.0 
29.5 
39.3 
31.2 
50.5 
49.5 
Visit frequency 
 
 
Most often used travel mode 
Less than once per week 
1-2 times per week 
More than 2 times per week 
Car 
Other 
118 
228 
74 
303 
117 
28.1 
54.3 
17.6 
72.1 
27.9 
Total 420 100.0 
 
6. Car drivers’ familiarity 
Figure 4 shows for each parking facility the car drivers’ familiarity. The percentages show the share of car 
drivers that indicated to be familiar with a certain parking facility. For example, approximately 60 percent of the 
car drivers are familiar with parking facility 1. It appears that there is some variation in the familiarity with 
parking facilities but most parking facilities are very well known. The familiarity ranges between approximately 
31 and 90 percent. Only the car drivers’ familiarity with parking facility 2 is limited. 
 
 
298   Peter van der Waerden and Harry Timmermans /  Procedia - Social and Behavioral Sciences  111 ( 2014 )  292 – 300 
0
10
20
30
40
50
60
70
80
90
100
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
Parking facilities
Pe
rc
e
n
ta
ge
 
Fig. 4. Car drivers’ familiarity with parking facilities in Veghel Centre 
The car drivers’ familiarity is used as dependent variable in a binary logistic regression model that relates 
familiarity to the car drivers’ personal and trip attributes and various attributes of the parking facilities. The 
model describes the probability that a car driver is familiar with a parking facility as function of several parking, 
personal, and trip attributes. The following parking attributes are tested: size of the parking facility, chance of 
finding a free parking space; parking costs per hour, average time needed to leave the parking facility (egress 
time); availability of driving space in the parking facility, the location of the parking facility vis-à-vis the 
individuals’ residence; location of the parking facility vis-à-vis other parking facilities; and the distance to the 
closest supermarket. Also, the personal attributes (gender, age, education, and home location) and shopping trip 
attributes (visit frequency, most often used travel mode) are included in the model analysis. The effects of the 
attributes are investigated using effect coding. The results of the model estimation are presented in Table 4. 
It appears that the estimated model performs quite well. Based on the Log-likelihood Ratio Statistics [-
2(LLoptimum minus LLnull)], it can be concluded that the model outperforms the null model that is based on the 
assumption that the probability of being familiar with each parking facility is equal to 0.50. Also the value of 
Rho-square shows that the model performs well (Louviere et al., 2000). 
All included personal and trip attributes influence the probability of being familiar with a parking facility 
significantly. For example, the results show that the probability of being familiar with a parking facility is higher 
for females than for males. The same holds for younger car drivers, higher educated drivers, and drivers living in 
Veghel. Regarding the trip attributes, it appears that the more frequent car drivers visit the centre of Veghel, the 
higher the probability of being familiar with the parking facilities. The same holds for visitors who use the car 
most often to visit the centre. 
In addition, four parking attributes influence the probability significantly. It appears that the higher the chance 
of a free parking space, the higher the probability of being familiar with the parking facility. This is according to 
general expectations. The effect of the other parking attributes is not so straightforward. For example, the 
probability of being known by car drivers is large when a parking facility is free of charge. In contrast, the 
probability of being known is small when the parking tariff is 0.50 euro or 1.00 euro. Basically, there is no 
difference between these two levels of parking costs because of the absence of 1.00 euro level. The same holds 
for the attribute ‘distance to supermarket’: a short walking distance (50 or 150 meters) increases the probability 
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of being known, while a long distance (250 meters) decreases the probability. Also the effect of the attribute 
‘driving space’ is not a continuum from limited space until much (spacious) space. 
 
Table 4. Part-worth utilities of car drivers’ familiarity model 
Attributes Levels Part-worth utilities Significance 
Personal and trip 
Gender 
 
Age 
 
 
Education 
 
 
Home location 
 
Visit frequency 
 
 
Travel mode 
 
 
Female 
Male 
Younger or equal to 40 years 
Between 40 and 55 years 
55 years and older 
High 
Medium 
Low (including ‘other’) 
Veghel 
Other 
Less than once per week 
1-2 times per week 
More than 2 times per week 
Car 
Other 
 
0.094 
-0.094 
0.377 
0.132 
-0.509 
0.124 
0.096 
-0.220 
0.379 
-0.379 
-0.363 
0.155 
0.208 
0.427 
-0.427 
 
0.013 
 
0.000 
0.004 
 
0.012 
0.039 
 
0.000 
 
0.000 
0.001 
 
0.000 
 
Parking facilities 
Chance of finding free parking space 
 
 
Parking costs per hour 
 
 
Driving space in the parking facility 
 
 
Distance to supermarket 
 
 
25 % 
50 % 
75 % 
Free 
0.50 euro 
1.00 euro 
Limited 
Average 
Spacious 
50 meters 
150 meters 
250 meters 
 
-1.126 
0.288 
0.838 
0.480 
-0.556 
0.076 
0.230 
0.275 
-0.505 
0.194 
0.497 
-0.691 
 
0.000 
0.000 
 
0.000 
0.000 
 
0.001 
0.000 
 
0.003 
0.000 
 
Goodness-of-fit 
Log-likelihood optimal model (LLoptimum) 
Log-likelihood null model LLnull) 
Log-likelihood ratio statistic (significance, 17 degrees-of-freedom) 
McFadden’s Rho-square 
 
2814.813 
3784.584 
1939.541 (0.000) 
0.256 
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7. Conclusions 
The composition of choice sets is an important aspect when studying individuals’ choice behaviour. Little is 
known about the composition of choice sets. A literature search shows that this especially holds in the context of 
parking choice behaviour. In addition to the limited empirical studies in this context, this study also shows that 
car drivers are not familiar with all available parking facilities in the vicinity of a shopping destination (in this 
case a regional shopping centre). The model analyses, in which the relationship between familiarity and various 
attributes is investigated, showed that the probability that a parking facility is known by the car drivers depends 
on personal, trip, and parking attributes. Most influential attributes are the parking attributes chance of finding a 
free parking space’ and ‘distance to supermarket’. 
Future research on this topic can focus on the following issues: 
• extension of empirical insights in car drivers’ familiarity especially in different cities; 
• other parking related characteristics such as the architecture of the parking facility and the availability of 
additional services; 
• the influence of external information sources such as internet and navigation systems; 
• the internal relationship between parking familiarity, consideration and choice. 
The insights of this study can be used by both researchers and transportation planners. Researchers can use the 
information when specifying parking choice models. Of course, it only concerns the first step in the suggested 
subdivision of choice sets by Bovy & Stern (1991). Planners can use the insights to optimize the use of parking 
facilities in the vicinity of shopping centres by changing parking attributes or changing the car drivers’ perception 
of these attributes (e.g., Shaffer & Anderson, 1985). They can set up communication plans for car drivers that 
include information about relevant parking attributes (chance of free parking space, parking costs, available 
driving space, and distance to supermarket) and interesting target groups (female car drivers, young car drivers, 
higher educated car drivers, and car drivers living close to the shopping centre). 
8. References 
Bovy, P.H.L., & Stern, E. (1990). Route Choice: Wayfinding in Transport Networks, Kluwer Academic Publishers, Dordrecht, the 
Netherlands. 
Matsumoto, S., & Rojas, J. (1998). Discrete Logit Modeling Based on Stated Preference Data of the Analytical Hierarchy Process for Parking 
Choice. In: J.D. Ortúzar, D. Hensher, & J. Jare-Dias, Travel Behavior Research: Updating the Sate of Play, Pergamon Press, Oxford, UK, 
181-195. 
Mehta, N., Rajiv, S., & Srinivasan, K. (2003). Price Uncertainty and Consumer Search: A Structural Model of Consideration Sets Formation, 
Marketing Science, 22, 58-84. 
Ortúzar, J. de D., & L.G. Willumsen (2001). Modelling Transport, Third Edition, John Wiley & Sons, West Sussex, England. 
Pagliara, F., & Timmermans, H.J.P., (2009). Choice Set Generation in Spatial Context, a Review, Transportation Letters: The International 
Journal of Transportation Research, 1, 181-196. 
Polak, J., & Axhausen, K. (1990). Parking Search Behavior: A Review of Current Research and Future Prospects, Transport Studies Unit, 
Oxford, UK. 
Rye, T., Hunton, K., Ison, S., & Kocak, N. (2008). The Role of Market Research and Consultation in Developing Parking Policy, 
Transportation Policy, 15, 387-394. 
Shaffer, G.S., & Anderson, L.M. (1985). Perceptions of the Security and Attractiveness of Urban Parking lots, Journal of Environment 
Psychology, 5, 311-323. 
Stienstra, S. (1999). Parking, A Matter of Choosing, Paper presented at the 2nd World Parking Symposium, Banff, Canada. 
Ten Heuvelhof, E.F. (1990). Less Shop Visits due to an Overestimation of Parking Problems (in Dutch), Verkeerskunde, 41 (2), 58-59 
Van der Waerden P., & Borgers, A. (1995). Modelling Parking Lot Choice in the Context of Shopping trips. In: R. Wyatt & H. Hossain 
(eds.), Proceedings of the 4th International Conference on Computers in Urban Planning and Urban Management, Melbourne, Australia. 
Van der Waerden, P., De Bruin, M., Timmermans, H., & Van Loon, P. (2011). Car Drivers’ Familiarity with Characteristics of Cities Parking 
Facilities, Proceedings of the 18th International Conference on Recent Advances in Retail and Services Science, San Diego, USA.  
 
